Abstract. Polycrystalline samples with the nominal composition YBa 2 Cu 3 O 7-δ (Y-123) were prepared using the co-precipitation method. The effect of the calcination process (single and multiple calcinations) on the samples was investigated by using the four-point temperatureresistance measurement, x-ray diffraction (XRD) and field-emission scanning electron microscope (FESEM). This study is divided into two parts. For the first part, the obtained oxalate powder underwent two calcination processes at 900 °C for 12 h and 900 °C for 24 h, respectively. Then, the powders were pressed into pellets and sintered at 920 °C for 15 h with oxygen flow during the entire heat treatment. In the second part, only one calcination process was undertaken at 900 °C for 24 h before the sintering process in oxygen flow at 920 °C for 15 h. From the XRD patterns, all of the peaks were indexed to the Y-123 phase showing that this superconducting phase was already formed after the first calcination. The weight fraction of Y-123 of the samples with single calcination process was higher compared to multiple calcination processes. From the temperatureresistance measurement, all the samples showed metallic behavior in the normal state and a superconducting transition to zero resistance. The superconducting transition temperature, T c , for the samples prepared in a single calcination process is higher than that of the multiple calcination processes.
Introduction
Superconductors play a significant role in various sectors including energy, transportation, electronic and medical industries. Much effort has been devoted to synthesize the Y-Ba-Cu-O (YBCO) superconducting materials. The most common technique is the conventional solid-state reaction method [1] [2] [3] . Howevere, due to the several disadvantages of the solid-state reaction, some researchers used the wet chemical method instead such as the sol-gel [4, 5] and co-precipitation methods [6] [7] [8] . In this work, the YBCO powders were produced using the oxalate co-precipitation method. The powders obtained from this method are more homogeneous and do not require several intermittent grinding as compared to the solid-state reaction method. In addition, the obtained powders have smaller grain size (micrometer). Due to the smaller grain size of powders, the sintering temperature can be lowered and sintering time is shortened [9, 10] . Heat treatment such as annealing, calcination and sintering process is very important to improve the properties of superconducting materials. By varying the heat treatment conditions, changes in microstructure, sample densification, and crystal growth can be observed. Prior to sintering, calcination is a necessary step. Calcination is a heat treatment process that takes place at temperatures below the melting point of the material in the presence of air or oxygen flow [11] . Schildermans et al. claimed that longer calcination time leads to the formation of higher fraction of superconducting phase [12] . Along this idea, study of calcination process is crucial. Hence, it is our aim in this work to investigate the influence of calcination on the microstructure and superconducting transition temperature of the Y-123 superconductors.
Experimental
A series of polycrystalline samples with nominal composition YBa 2 Cu 3 O 7-δ were prepared by using co-precipitation method. The appropriate amounts of high purity (99.99 %) powders of yttrium (ΙΙΙ) acetate tetrahydrate, Y(CH 3 COO) 3 .4H 2 O, barium acetate Ba(CH 3 COO) 2 , and copper acetate Cu(CH 3 COO) 2 were dissolved in 500 ml acetic acid (Solution A). Then, oxalic acid was dissolved in 2-propanol/distilled water (3:2) in another beaker forming a transparent solution (Solution B). Both solutions were stirred at 300 rpm for two hours and then cooled in an ice bath until the temperature dropped below 10 °C. Next, solution A was slowly added into solution B and the mixture was stirred until a uniform blue suspension was obtained. The co-precipitant was collected via filtration process and dried at 100 °C for 12 hours. After that, the dried powders were ground for half an hour and subsequently calcined in air at 900 °C for 12 hours in the air. This calcination was repeated at 900 °C for 24 hours. Then, the calcined powder was pressed to pellet of 13 mm in diameter, under a pressure of five tons. These pellets were sintered at 920 °C for 15 hours and cooled slowly to 650 °C at the rate of 1°C/min. Finally, they were annealed at 650 °C for 8 h and cooled slowly to room temperature. The sintering and annealing process were done under oxygen flow. For the purpose of comparison, another batch of samples were prepared. For this second batch of samples, the same procedure as mentioned aboved was used except that only one calcination process was done at 900 °C for 24 hours. The phase formation and crystal structure of the samples were characterized by X-ray diffraction (XRD) method at room temperature using a PW 3040/60 MPD X'Pert Pro Panalytical Philips DY 1861 diffractometer with Cu-K α radiation source. The scanning was carried out for 2θ ranging from 20 to 80° at a step size of 0.03°. The size and morphology of the grains were observed using either Nova NanoSEM 30 series or JEOL SM-7600F field emission scanning electron microscopy (FESEM). The elemental analysis was performed using energy dispersive X-ray spectroscopy (EDX) attached to the FESEM. The superconducting transition temperature, T c , was obtained by measuring the temperature dependence of resistance using the standard four-point probe setup.
Results and Discussion
The XRD patterns of Y-123 samples are shown in Fig. 1 . Analysis of the XRD results revealed that both samples are composed of Y-123 as the dominant phase with orthorhombic crystal structure (ICSD: 01-078-2144). No orthorhombic-tetragonal phase transition was detected in both samples. A small quantity of YBa 2 Cu 4 O 8 (Y-124) (ICSD: 01-084-2460) was present as secondary phase. However, the weight fraction of Y-123 phase for the sample heat treated with single calcination process is higher compared to that with multiple calcination processes ( Table 1 ). The peak with the highest intensity at 2θ ≈ 32.8° could be identified with the Miller indices of [103] for Y-123 phase in both samples. As shown in Table 2 , the a, b, and c lattice parameters were found to be nearly constant for the samples indicating that the number of calcination process did not influence much the crystal structure. As a result, the unit cell volume remain almost constant for both samples. Fig. 2 shows the measurements of resistance-temperature (R versus T) plost for the samples. From the plots, the onset of superconducting transition temperature, T c onset and the transition temperature at zero resistance, T c zero could be estimated. T c onset is the temperature at which the second derivative resistance over temperature starts to diverge from zero, while T c zero is defined as the temperature at which the resistance becomes zero. As can be seen from Fig. 2 , all samples show a metallic behavior in the normal state before a rapid drop of resistance to zero. Also, both samples show a single step transition implying good grain connectivity and dominance of Y-123 phase [13] . The superconducting transition temperature, T c , for the samples are shown in Table 3 . The sample heat treated with single calcination process shows higher T c compared to that with multiple calcination processes. However, the transition width, ∆T, for both single and multiple calcined samples show the same value of about 9 K. Hence, the calcination process does not affect the transition width, ∆T considerably. This result together with the XRD analysis mentioned above shows that the quality (presence of impurity) of both samples is comparable [14] despite some little change in particle size [15] . The FESEM images for both the single and multiple calcined samples are shown in Fig. 3 . The images show that all the samples exhibit an irregular structure. EDX analyses performed on the samples detected the presence of each Y, Ba, and Cu elements (insets of Fig. 3 ). Both samples show a narrow size distribution with an average diameter of 0.3 up to 0.5 micrometers. By using the ImageJ software, the average grain size obtained for the sample heat treated with multiple calcinations (0.4515 µm) is higher than that of the single calcination process (0.3781 µm). The increase of grain size may due to grain growth as a consequence of multiple calcinations. 
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Conclusions
Y-123 superconductors were successfully prepared by using the co-precipitation method. In this study, the heat treatment was varied in which single and multiple calcinations were performed on the samples before the sintering process. XRD data showed that the weight fraction of Y-123 is higher for the sample heat treated with single calcination compared to the one with multiple calcinations. However, the lattice parameters remain almost unchanged for both samples. Measurement of temperature dependence of resistance showed higher T c zero for the sample with single calcination though both samples have the same breadth of transition. The average grain size increased with the multiple calcination compared to the single calcination (~0.3 µm up to ~0.5 µm) due to grain growth. Therefore, it can be concluded that multiple calcination maybe insignificant in increasing the volume fraction of Y-123 phase and T c .
